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Ethylcellulose nano-emulsions have been obtained by the low-energy phase 19 
inversion composition method in the Water / [Alkylamidoammonium: Cremophor 20 
WO7] / [6% ethylcellulose in ethyl acetate] system at 25ºC. It is shown that 21 
nano-emlulsions’ composition variables (oil-to-surfactant ratio, cationic: nonionic 22 
surfactant ratio and polymer and water content) produce changes in their 23 
droplet diameter, surface charge and colloidal stability following defined trends. 24 
Nano-emulsions with good stability, droplet diameters between about 120 and 25 
200 nm and surface charge from about 10 to 50 mV have been obtained. Nano-26 
emulsions are further used as templates for nanoparticle dispersions 27 
preparation, which show sizes and surface charges typically smaller and similar 28 
respectively to their nano-emulsion templates. Cationic: nonionic surfactant ratio 29 
has the highest influence on both, size and surface charge, followed by oil-to-30 
surfactant ratio and water content.  Interestingly, the positive charge of the 31 
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1. INTRODUCTION 42 
Ethylcellulose is a semisynthetic cellulose derivative, insoluble in water, which 43 
has attracted increasing attention for its interesting properties, including film, 44 
fiber and particle forming ability, mechanical strength, flexibility, thermoplasticity, 45 
transparency, lack of taste and odor, etc. (Heseltine et al. 2018; Crabbe-Mann 46 
et al. 2018; Davidovich-Pinhas et al. 2014). In addition, ethylcellulose is 47 
physiologically inert and biocompatible, and is listed as “GRAS” (Generally 48 
Recognized as Safe) by the Food and Drug Administration. Numerous uses 49 
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have been reported so far for this polymer, encompassing a broad range of 50 
fields of application, such as coatings and films for batteries and other 51 
engineering components (Cao et al. 2018; Zuo et al 2018), wound-dressing 52 
materials (Crabbe-Mann et al. 2018), or food texturizers, edible oleogels and 53 
flavor delivery systems (Eltayeb et al. 2015; Davidovich-Pinhas et al. 2015; 54 
Gravelle et al. 2018) to mention a few.  55 
Nowadays, a matter of concern is the development of materials and processes 56 
which are both, environmental friendly and safe. These issues have progressed 57 
in the last decades for example by the replacement of contaminant and toxic 58 
solvents by greener and milder ones, or by favouring gentle, energy-saving 59 
processes such as those avoiding heating and/or cooling steps or those based 60 
in self-assembly (Spernath et al 2007; Calderó et al. 2011; Eltayeb et al. 2015; 61 
Crabbe-Mann et al. 2018; Hayden et al. 2018; Leitner et al. 2019).  For example, 62 
ethylcellulose submicron materials have been prepared using the supercritical 63 
antisolvent precipitation method, which is considered a clean technology, 64 
although it requires specific equipment (Djerafi et al. 2015). More recently, a 65 
new electrodynamic process using environmentally friendly and low toxicity 66 
solvent systems has been reported for the preparation of a wide range of ethyl 67 
cellulose microstructures encompassing particles and fibres (Crabbe-Mann et al. 68 
2018). Although this method does not require surfactants, materials produced 69 
are in the micrometric size range. Achievement of smaller particles in the 70 
nanosized range can be attained by other methods, such as low-energy 71 
emulsification approaches, with the help of surfactant molecules. Nanosized 72 
ethylcellulose  particles are attracting increasing interest, as this polymer is 73 
biostable and biocompatible. It has been shown to be specially suited for the 74 
encapsulation and the controlled release of a large variety of active ingredients,  75 
including drugs (Calderó et al. 2016; Hiew et al 2019), biosensors for “in vitro” 76 
diagnostics (Generalova et al. 2009), cosmetic agents such as organic UV 77 
filters (Hayden et al. 2018), or agrochemical components like insect pest control 78 
agents  (Elek et al.2010). In the textile field, ethylcellulose nanoparticles have 79 
been used to design functional fabrics for the release of active ingredients 80 
(Vilchez et al. 2014). Research carried out in the last decade  focusing on the 81 
preparation of ethylcellulose nanoparticles by a low-energy emulsification 82 
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method (the phase-inversion composition, PIC, method) followed by solvent 83 
evaporation, has allowed replacing frequently used halogenated aromatic 84 
solvents by ethyl acetate, a low toxicity and greener solvent, and the 85 
development of processes at room temperature, thus avoiding energy 86 
consumption and avoiding loss of temperature sensitive or volatile components 87 
(Calderó et al 2011 and 2016; Vílchez et al. 2014; Leitner et al. 2019).  In 88 
addition, this approach does not require sophisticated equipment such as high 89 
shear stirrers, high pressure homogenizers or ultrasound generators.  90 
In most applications, size and surface charge are of special interest. It is well 91 
known that nanometric sizes provide materials with new physicochemical and 92 
functional properties (optical, magnetic, biological, etc.) which are not present in 93 
bulk. Both, size and surface charge have been described to influence the 94 
stability of the dispersed systems, their toxicity, biodistribution, etc. (He et al. 95 
2010; Jiang et al. 2009). In particular, positive surface charge imparts 96 
interesting properties which are used for example for drug or gene delivery or to 97 
provide mucoadhesive, antimicrobial, antifouling or decontaminant properties 98 
(Qi et al. 2004; Chang et al. 2015; Kim et al. 2018; Lin et al. 2017).  Interestingly, 99 
even though ethylcellulose is a nonionic polymer, it has been generally reported 100 
to display negative surface charge (Gunduz et al. 2013; Balzus et al. 2017; 101 
Hayden et al. 2018; Božič et al. 2018). In order to provide ethylcellulose-based 102 
materials with a positive surface charge, several strategies have been proposed 103 
e.g. physical mixtures with other cationic polymers like ammonium methacrylate 104 
copolymer type B (Balzus et al. 2017) or covalent grafting of cationizable chains 105 
to the ethylcellulose backbone (Wanga et al. 2011). Recently, we have reported 106 
the formation of cationic ethylcellulose nano-emulsions and nanoparticles by the 107 
PIC approach in a Water / surfactant mixture / ethylcellulose solution system at 108 
room temperature (Leitner et al. 2019). The surfactant mixture consisted of a 109 
cationic alkylamidoammonium derivative and a nonionic sorbitan ester (Span 110 
80). The obtained ethylcellulose template nano-emulsions and nanoparticles 111 
displayed zeta potential values as high as 55 mV. However, their sizes were 112 
rather large (close to 300 nm). In addition, the relation of size, surface charge 113 
and colloidal stability with composition variables had not been studied in depth. 114 
In the present work, we investigate systematically the relation of the nano-115 
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emulsion template composition with the characteristics of both, the nano-116 
emulsion and the nanoparticles obtained from them in a similar cationic-117 
nonionic surfactant system, in which the sorbitan ester has been replaced by an 118 
ethoxylated fatty acid ester of low hydrophilic-to-lipophilic balance (HLB), with 119 
the aim of achieveing smaller mean nanoparticle sizes. 120 
The goal of this research is to gain new knowledge on the impact of 121 
composition variables such as the oil-to-surfactant ratio, the cationic-to-nonionic 122 
surfactant ratio or the water content on the size and surface charge of template 123 
nano-emulsions prepared using a low-energy emulsification approach and 124 
nanoparticles obtained from them, with the aim of providing valuable tools for 125 
the control and prediction of these characteristics. 126 
 127 
 128 
2. EXPERIMENTAL 129 
 130 
 131 
2.1. Materials 132 
 133 
Ethylcellulose polymer (ETHOCEL Premium Std 10, Dow Chemical Company, 134 
abbreviated as EC10) a commercial semi synthetic cellulose ether derivative, 135 
insoluble in water, was kindly donated by Colorcon, a distributor of the Dow 136 
Chemical Company. Ethylcellulose consists of repeating anhydroglucose units 137 
in which hydroxyl groups have been partially substituted by ethoxyl groups. 138 
Ethoxyl content was 48.7% and the weight-average molecular weight (Mw) was 139 
66385 ± 322 Dalton with a polydispersity of 4.3 as determined by Gel 140 
Permeation Chromatography. Details on the analysis are reported elsewhere 141 
(Leitner et al. 2019). Ethyl acetate (> 99.8%, Merck) was used as organic 142 
solvent. This solvent has a boiling point of 77ºC. It is soluble up to around 7.7 143 
wt% in water and can dissolve 3.3 wt% water at 25 ºC (Calderó et al. 2011 and 144 
2016). The cationic surfactant was a ricinoleamidopropyltrimonium methosulfate 145 
(abbreviated as Cat A; Figure 1) from Evonik, with an active matter content of 146 
40 wt% in water and a critical micellar concentration of 3.3 x 10-2 mM (Burgos-147 
Mármol et al 2016). The nonionic surfactant was PEG-7 hydrogenated castor oil 148 
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(Cremophor WO7, from BASF; abbreviated as CWO7), whose HLB number is 5 149 
± 1 (Kolliphor Technical Information 2014). Water was deionized and MilliQ® 150 








2.2. Methods 159 
 160 
2.2.1. Preparation of oil-in-water (O/W) nano-emulsions 161 
About 6 g of the nano-emulsions were prepared in a 10 mL test tube, at a 162 
constant temperature of 25°C by adding water drop-wise to the mixture of the 163 
ethylcellulose solution (from now on referred as “oil”) and previously 164 
homogenized surfactants. The addition was performed under permanent vortex 165 
stirring (Vortex Genie 2, Scientific Industries Inc.) at about 2700 rpm, keeping 166 
the test tube closed with a septum to avoid solvent evaporation. The addition of 167 
the water was carried out through the septum, with the help of a peristaltic 168 
pump (Watson Marlow 323 Pump) and UPS Class VI silicone tubing (internal 169 
diameter of 0.8mm) fitted to a G18x1 ½” needle, at a constant rate of 170 
0.05gwater/second.  171 
 172 
2.2.2. Nano-emulsion domain determination 173 
The region of formation of O/W nano-emulsions in the Water / [cationic:nonionic 174 
surfactant mixture] / [EC10 in ethylacetate] system was at first assessed visually 175 
at 25°C. Samples with various O/S ratios and water contents were prepared as 176 
described in Section 2.2.1. Compositions with a transparent or translucent 177 
appearance and a reddish or bluish shine when observed through a lamp light 178 




2.2.3. Phase Inversion determination 181 
The phase inversion region was determined by conductivity measurements. 182 
Samples (4 g) were prepared by addition of water to oil/surfactant mixtures up 183 
to 95 wt%. Electrical conductivity of samples was measured at each 184 
composition by means of a Crison-GLP 31 conductimeter with a Pt/platinized 185 
electrode under continuous magnetic stirring at 25ºC. 186 
 187 
2.2.4. Nanoparticle preparation 188 
Nanoparticles were prepared by the solvent evaporation method using a rotary 189 
evaporator (Büchi) during 45 minutes under reduced pressure of 43 mbar and 190 
at 25°C to achieve ethyl acetate removal to below 5000 ppm residual solvent as 191 
determined by gas chromatography. After evaporation, weight loss was 192 
replaced with water.  193 
 194 
2.2.5. Particle size characterization 195 
The mean size of nano-emulsion droplets and nanoparticles was determined by 196 
dynamic light scattering (DLS) measurements performed on a 3D cross-197 
correlation spectrometer (LS Instruments) equipped with a He-Ne laser 198 
(λ=632.8 nm), and a modulator for concentrated samples, suitable for the sizing 199 
of particles from 0.5 nm to 5 μm. This cross-correlation technology suppresses 200 
multiple scattering effects and allows performing the measurements of the 201 
samples as prepared, without further dilution. Analysis of each composition was 202 
carried out in triplicate on at least two independent samples. Measurements 203 
were performed on a 3 mL square cell, at a scattering angle of 90° and a 204 
temperature of 25 °C. Dynamic light scattering data were treated by cumulant 205 
analysis to obtain the mean hydrodynamic diameter (Pecora et al. 2000; Brown 206 
1993).  Refractive indexes and viscosity data required for DLS analysis were 207 
determined experimentally (please, see Supplementary Information 1). The 208 
refractive indexes of the continuous phases were 1.3358 ± 0.0002 for the nano-209 
emulsions and 1.3334 ± 0 for the nanoparticle dispersions. Viscosities of the 210 
continuous phases were 1.005 ± 0.026 cP for the nano-emulsions and 0.937 ± 211 




2.2.6. Nano-emulsion and nanoparticle dispersion stability 214 
Nano-emulsion and nanoparticle dispersion stability was assessed both, by 215 
visual observation of phase separation at a constant temperature and by light 216 
backscattering measurements. For the visual assessment, nano-emulsions and 217 
nanoparticle dispersions were kept in a glass vial in a thermostated bath at 218 
25°C and checked as a function of time. They were considered stable when no 219 
macroscopic phases were observed. 220 
Nano-emulsion stability was also assessed from multiple light scattering 221 
measurements by means of a Turbiscan Lab Expert at constant temperature 222 
(25ºC) and λ=880nm. For this purpose, 15g of nano-emulsion were filled, 223 
immediately after preparation, in a glass measurement cell which was tightly 224 
stoppered to avoid solvent evaporation. Transmission and backscattering data 225 
were acquired at 180º and 45º respectively from the incident beam for 24 hours 226 
at intervals of 1 hour.  227 
 228 
2.2.7. Nano-emulsion and nanoparticle surface charge 229 
The zeta potential, a measure of the net surface charge, was determined from 230 
the electrophoretic mobility measured on a ZetaSizer Nano Z laser 231 





where µ is the electrophoretic mobility, ζ is the zeta potential, εr  is the dielectric 234 
contrant of the medium, ε0  is the dielectric constant of the vacuum and η is the 235 
viscosity of the medium (Delgado et al. 2007). For the measurements, nano-236 
emulsions and nanoparticles dispersions were diluted with water to a 237 
concentration of 20 mg nano-emulsion/g solution. Each sample was measured 238 
in triplicate at room temperature.  239 
 240 
2.2.8. Shrinking factor determination 241 
The shrinking factor upon nanoparticle formation from the nano-emulsion 242 
droplets was determined as the ratio between the volume of the template nano-243 
emulsion droplet and the volume of the nanoparticle formed. For the calculation 244 
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of the respective volumes, the mean hydrodynamic radii, as determined by DLS 245 
(see section 2.2.5.) are used. 246 
 247 
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 249 
where f is the shrinking factor; VNE and VNP are the volumes of a nano-emulsion 250 
drop and a nanoparticle respectively;  𝑟𝑁𝐸and 𝑟𝑁𝑃 are the mean hydrodynamic 251 
radii or the nano-emulsion and the nanoparticle dispersion, as determined by 252 
DLS. Data are interpreted considering that no droplet size change due to 253 
coalescence, Ostwald ripening or flocculation occurs during solvent evaporation 254 
and that each single nano-emulsion drop generates one nanoparticle. A 255 
shrinking factor of 1 would mean no volume reduction of the template nano-256 
emulsion droplet to form the nanoparticle, thus indicating that no significant 257 
amount of ethyl acetate is present in the dispersed phase of the nano-emulsion. 258 
 259 
2.2.9. Dialysis experiments 260 
Dialysis experiments were performed to determine the desorption kinetics of 261 
CatA from the nanoparticles by means of conductivity and zeta potential 262 
measurements. For this purpose, about 8 g of nanoparticle dispersion were 263 
filled in a SpectraPor dialysis bag (MWCO of 12000 – 14000) and immersed in 264 
2000 mL of MilliQ filtered water at 25ºC. The conductivity in the nanoparticle 265 
dispersion was monitored by means of a Crison-GLP 31 conductimeter with a 266 
Pt/platinised electrode. Conductivity data were automatically collected on a 267 
computer along the experimental time. For zeta potential measurements, an 268 
aliquot of the nanoparticle dispersion was withdrawn from the dialysis bag and 269 








3.1. O/W ethylcellulose nano-emulsion formation in the Water / 276 
[CatA:CWO7] / [EC10 in ethyl acetate] system at 25ºC 277 
O/W nano-emulsion formed by the phase inversion composition (PIC) method 278 
has been studied in the Water / [CatA:CWO7] / [6% EC10 in ethyl acetate] 279 
system at 25ºC, at CatA:CWO7 ratios of 1:1 and 1:3. It has been found that 280 
O/W nano-emulsions form at both surfactant ratios tested in the same oil-to-281 
surfactant (O/S) range and water contents (Figure 2a). Nano-emulsions form 282 
close to the water vertex of the pseudoternary diagram, at O/S ratios comprised 283 
between 55/45 and 75/25 and above 88 wt% water as assessed by visual 284 
observation. It is worth mentioning that no nano-emulsions are formed in the 285 
absence of nonionic surfactant, that is, in the Water / CatA / [6% EC10 in ethyl 286 
acetate] system at 25ºC. In contrast, O/W ethylcellulose nano-emulsions are 287 
formed by the phase inversion composition method in systems containing only 288 
nonionic surfactants, of the ethoxylated sorbitan ester type (Spernath et al 289 
2007) and the ethoxylated fatty alcohol type (Calderó et al. 2016) with HLB 290 
values typically between about 12 and 14. However, as shown in this study, 291 
nano-emulsions can be obtained by mixing CatA with an ethoxylated fatty acid 292 
derivative (CWO7) with a hydrophilic to lipophilic balance (HLB) value of about 293 
5. By fixing the oil-to-surfactant ratio (O/S) at 70/30 and varying the CatA:CWO7 294 
ratio, nano-emulsions are formed in the CatA:CWO7 span between 1:1 and 1:8.  295 
 296 
The nano-emulsion domain of the Water / [CatA:CWO7=1:1] / [6% EC10 in 297 
ethyl acetate] system is smaller than that described recently in the Water / 298 
[CatA:Span80 = 1:1] / [6% EC10 in ethyl acetate] system at 25ºC (Leitner et al 299 
2019). These systems differ only in the nonionic surfactant. Although the HLB 300 
values of these nonionic surfactants are quite close, they differ in their chemical 301 
structure as Span 80 is a non-ethoxylated sorbitan ester with an HLB value of 302 
4.3. Concerning the size of the nano-emulsion domain it may be inferred that 303 
Span 80 is a more favorable nonionic surfactant for nano-emulsion formation in 304 
this kind of system. However, as will be shown later, smaller droplet sizes are 305 







Figure 2: a) Oil-in-water (O/W) nano-emulsion domain (green area) in the 311 
Water / [CatA:CWO7] / [6%EC10 in ethyl acetate] system for CatA:CWO7 ratios 312 
of 1:1 and 1:3 at 25ºC. The O/W nano-emulsion domains are coincident for both 313 
CatA:CWO7 tested (1:1 and 1:3) and are therefore reported in a single diagram; 314 
b) Conductivity as a function of total water content in the Water / [CatA:CWO7 = 315 
1:3] / [6 wt% EC10 in ethyl acetate] system along the dilution path with the O/S 316 
ratio of 70/30, at 25ºC. Water-in-oil (W/O) and oil-in water (O/W) regions are 317 
indicated. 318 
 319 
Conductivity measurements were carried out in order to assess if a transition 320 
from W/O to O/W structures took place during emulsification. Figure 2b 321 
illustrates the conductivity values of a sample at an O/S ratio of 70/30 and 322 
increasing water content at 25ºC. No conductivity values could be obtained 323 
below 5 wt% water due to the water already present in CatA as mentioned 324 
above. Conductivity values of samples with around 25 wt% water fluctuated due 325 
to their instability which could be indicative of phase transition. Conductivity 326 
values increase with the increase of water content, reaching a maximum and 327 
then gradually decrease due to the effect of dilution of the conducting species. 328 
Conductivity reaches values as high as about 1000 µS/cm, much higher than 329 
those obtained with a similar system prepared only with nonionic surfactant 330 
(typically below 400 µS/cm if the aqueous component is water) (Calderó et al 331 
2011 and 2016). The phase inversion takes place around 30 wt% water. 332 
 333 
It was also considered of interest to determine the effect of a higher polymer 334 
concentration in the nano-emulsion domain. For this purpose, the EC10 335 
concentration in the oil component was increased up to 10 weight % keeping 336 
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the CatA:CWO7 ratio at 1:3. At this higher polymer concentration, nano-337 
emulsions were formed between O/S ratios of 65/35 and 75/25 and above 88 338 
wt% of water. This can be interpreted in terms that higher polymer 339 
concentrations do not favour the formation of nano-emulsions at this 340 
cationic:nonionic surfactant ratio. 341 
 342 
 343 
3.2. Influence of composition variables on the size of ethylcellulose nano-344 
emulsions and nanoparticles 345 
Nano-emulsions with a water content of 90 wt% and 95 wt% were selected for 346 
further characterization. Droplet sizes, obtained by DLS, are below 200 nm, and 347 
do not differ much when increasing the water content from 90 to 95 wt% as 348 
shown in the blue dotted graphs in Figures 3a and 3b. Although one might 349 
expect an increase in the O/W nano-emulsion droplet size at increasing oil 350 
content, this is not evident in Figure 3. At 90 wt% water content and O/S ratios 351 
between 60/40 and 70/30 droplet size first remains roughly constant and then 352 
increases at the O/S ratio of 75/25. This may be explained by the solvent 353 
diffusion from the droplets to the continuous phase due to the partial solubility of 354 
ethyl acetate in the aqueous component, counteracting the expected droplet 355 
size increase. As mentioned in the experimental section, ethyl acetate is 356 
partially soluble up to about 7.7 wt % in water at 25 ºC (Calderó et al. 2011 and 357 
2016). At the higher O/S ratios the dispersed phase fraction effect would 358 
dominate over the diffusion effect, producing a droplet size increase (Figure 4). 359 
This trend is more noticeable at 95 wt% water content which may be due to the 360 
larger ethyl acetate diffusion at already low O/S ratios and the lower overall 361 
surfactant content as compared to the nano-emulsions with 90 wt% water. The 362 
observed behaviour is different from that described in systems with less polar 363 
oils where no or very low diffusion of the dispersed phase is produced and 364 
hence the droplet diameter increases with increasing O/S ratio (Sadurní et al 365 
2005). At 90 wt% water content the smallest droplet size was attained at O/S 366 
ratio of 65/35 with a mean hydrodynamic diameter of about 125 nm, while the 367 
largest droplet diameter was attained at an O/S ratio of 75/25 (close to 154 nm). 368 
At 95 wt% water content and an O/S ratio of 75/25, the nano-emulsion mean 369 
droplet size is considerably larger than that of the nano-emulsion with 90 wt% 370 
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water, reaching a mean hydrodynamic diameter of 174 nm, while the smallest 371 
sizes are attained at O/S ratios of 60/40 and 65/35 (around 118 nm). Although it 372 
might be expected that nano-emulsion droplet sizes are similar for water 373 
contents of 90 and 95 wt%, several factors such as solvent diffusion from the 374 
nano-emulsion drops to the continuous phase, overall surfactant content in the 375 
nano-emulsion, surfactant hydration or polymer chain folding may play a role in 376 
the mean droplet diameter. In spite of the fact that the nano-emulsion formation 377 
region of the system with the here described surfactant mixture CatA:CWO7 is 378 
smaller than that of the system with the surfactant mixture CatA:Span80 = 1:1 379 
reported recently (Leitner et al, 2019), it is worth mentioning that droplet sizes in 380 
CatA:CWO7 are half as big as those of the emulsions obtained at the same O/S 381 
ratios with CatA:Span80, suggesting that  CatA:CWO7 mixtures may form more 382 
compact interfacial films. 383 
 384 
 385 
Figure 3: Diameter (DH; in blue colour) and zeta potential (ζ, in red colour) as a 386 
function of the oil-to-surfactant ratio (O/S) of the nano-emulsions (dotted lines) 387 
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and the nanoparticle dispersions (solid lines) obtained from nano-emulsions by 388 
solvent evaporation in the Water / [CatA:CWO7 = 1:3] / [6 wt% EC10 in ethyl 389 
acetate] system with a) 90 and b) 95 wt% water content, at 25ºC. c) Shrinking 390 
factor of the nano-emulsions with 90 and 95 wt% water content upon 391 
nanoparticle formation by solvent evaporation. d) Visual appearance of a 392 
representative nanoparticle dispersion sample of the Water / [CatA:CWO7 = 393 
1:3] / [6 wt% EC10 in ethyl acetate] system prepared from a nano-emulsion 394 
template with an O/S ratio of 65/35 and 95 wt% water content. The sample 395 
shows a slightly translucent appearance with a reddish shine due to the 396 





Figure 4: Schematic illustration of the influence of the oil-to-surfactant ratio 402 
(O/S) in the droplet size at a fixed CatA:CWO7 ratio. 403 
 404 
The influence of the CatA:CWO7 ratio in the droplet size of the nano-emulsion 405 
has also been investigated by keeping the O/S ratio constant at 70/30. The 406 
CatA:CWO7 ratios tested have been 1:1, 1:3, 1:4, 1:6 and 1:8. Hydrodynamic 407 
diameters of the nano-emulsion droplets (NE) and the nanoparticles (NP) 408 
obtained from them are displayed in Figure 5a (90 wt% water content) and 409 
Figure 5b (95 wt% water content). As for the nano-emulsions, at both water 410 
contents (NE 90% and NE 95%), the droplet size as a function of CatA:CWO7 411 
ratio follows a parabolic profile with lowest mean droplet size values at 1:3 and 412 
1:4 ratios. At higher CatA content in the surfactant mixture (e.g. CatA:CWO7 = 413 
1:1), electrostatic repulsion between the charged head-groups of CatA 414 
molecules is expected to be higher at the interfacial film of the droplet, favoring 415 
the formation of large droplets (Figure 6, left image). It is worth recalling that in 416 
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the absence of nonionic surfactant (that is, CatA:CWO7 = 1:0) no nano-417 
emulsions are formed. When decreasing the CatA:CWO7 ratio to 1:3 and 1:4, 418 
electrostatic repulsion at the interfacial film of the droplets decreases, allowing 419 
the hydrocarbon tails of the surfactant molecules to further approach each other 420 
favoring hydrophobic interactions and optimal tight interfacial film packing as 421 
schematically drawn in Figure 6. When further increasing the nonionic 422 
surfactant proportion to CaA:CWO7 = 1:8, droplet swelling and hence droplet 423 
size increase may occur. This may be attributed to a change in the effective 424 
cross-sectional area per surfactant molecule. Rodriguez et al. (Rodríguez et al 425 
2004) reported that in mixed nonionic/cationic surfactant aqueous systems the 426 
effective cross-sectional area per surfactant molecule significantly decreases 427 
with the addition of nonionic surfactant in cationic surfactant systems. It may be 428 
inferred that a similar effect may take place when decreasing the CatA:CWO7 429 
ratio from 1:3 to 1:8.  430 
 431 
 432 
Figure 5: Hydrodynamic diameter (a and b), shrinking factor (c) and zeta 433 
potential (d) of nano-emulsions with 90 wt% (NE 90) and 95 wt% (NE 95) water, 434 
formed in the Water / [CatA:CWO7] / [6% EC10 in ethyl acetate] system at 435 
varying CatA:CWO7 ratios at 25ºC, and of the nanoparticle dispersions 436 






Figure 6: Schematic illustration of droplet size change as a function of 441 
CatA:CWO7 surfactant ratio. 442 
 443 
 444 
Table I shows the comparative values of droplet size of nano-emulsions with 445 
6% and 10% EC10 and a water content of 90 and 95 wt%. Nano-emulsions 446 
containing 10 wt% polymer have droplet sizes larger than corresponding nano-447 
emulsions prepared with 6 wt% polymer in the oil component at both water 448 
contents. This can be explained by the fact that at higher polymer concentration 449 
swelling of the droplet may occur. All nano-emulsions show polydispersity 450 
indices around 0.4.  451 
 452 
Table I: Nano-emulsion droplet diameter (DH) with polydispersity index (PI) as 453 
determined by DLS, zeta potential (ζ) and stability assessed visually of nano-454 
emulsions with an O/S ratio of 70/30 of the Water / [Cat A:CWO7 = 1:3] / [X wt% 455 
EC10 in ethyl acetate] system as a function of polymer concentration in the oil 456 
component, at 25ºC.  457 
wt% EC10 
in the oil  
wt% water 








90 129.2 ± 6.2 34.4 ± 4.0 66 
95 132.8 ± 9.8 30.5 ± 0.8 70.5 
10 
90 141.2 ± 4.7 25.9 ± 1.1 3 





The nano-emulsions were used for nanoparticle preparation by ethyl acetate 460 
evaporation under reduced pressure as explained in the experimental section. 461 
As shown in Figures 3 and Figure 5 (in both Figures, graphs a and b) the 462 
nanoparticles show generally smaller sizes than the template nano-emulsions 463 
and a variation trend close to that of their template nano-emulsions. Figure 3d 464 
shows the typical visual appearance of a nanoparticle dispersion in these 465 
systems. The size of the nanoparticles obtained from the nano-emulsions with 466 
90 wt% water content as a function of the studied O/S ratio (Figure 3a) ranges 467 
from about 110 nm to about 130 nm, while the nanoparticles obtained from 468 
nano-emulsions with 95% water content range from 115 nm to about 170 nm.  469 
 470 
An interesting parameter is the shrinkage of the nano-emulsion droplet for 471 
nanoparticle formation. Figure 3c shows the shrinking factor (determined as 472 
explained in section 2.2.8) of the studied nano-emulsions as a function of the 473 
O/S ratio.  It is shown that for nano-emulsions with a 90 wt% water content and 474 
a fixed CatA:CWO7 ratio of 1:3, the experimental shrinking factor is close to 1 at 475 
an O/S ratio of 60/40, while at O/S ratios above 65/35 the shrinking factor 476 
increases almost linearly up to 1.8. This is reasonable as the ethyl acetate 477 
content in the nano-emulsion with an O/S ratio of 60/40 is about 5.6 wt% and 478 
this amount may be almost completely diffused from the droplet to the 479 
continuous phase to reach equilibrium. However, at O/S ratios above 65/35, the 480 
ethyl acetate content in the nano-emulsion is higher than 6 wt%. Although this 481 
amount is below the saturation concentration in water (around 7.7 wt%), the 482 
surfactant interfacial film may be able to retain this solvent inside the droplet. At 483 
95 wt% water content, the shrinking factor keeps close to unity regardless the 484 
O/S ratio indicating that droplet volume reduction for nanoparticle formation is 485 
minimal. This is consistent with the fact that the amount of ethyl acetate in the 486 
nano-emulsions with 95 wt% water content is below 3.5 wt% in the O/S ratio 487 
range studied. These results suggest that saturation of the aqueous phase of 488 
these nano-emulsions is attained around 6 wt% of ethyl acetate. 489 
 490 
Concerning the influence of the CatA:CWO7 ratio, at a fixed O/S ratio of 70/30, 491 
particle sizes are typically between 110 and 185 nm for those prepared from 492 
nano-emulsions with 90 wt% water content and between 125 nm and 190 nm 493 
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for those prepared from nano-emulsions with 95 wt% water content. In the 494 
studied CatA:CWO7 range, the minimum nanoparticle size is attained at a 495 
CatA:CWO7 ratio of 1:3. 496 
 497 
The analysis of the shrinking factor reveals that when keeping the O/S ratio 498 
constant at 70/30 and a 90 wt% water content, the shrinking factor decreases 499 
with the CatA:CWO7 ratio from about 2 at a CatA:CWO7 ratio of 1:1 to a value 500 
of around 1 at a CatA:CWO7 ratio of 1:6, and does not change when further 501 
decreasing this ratio down to 1:8 (Figure 5c). This suggests that at higher Cat A 502 
content the interfacial film is more impermeable to ethyl acetate diffusion and/or 503 
that equilibrium concentration in the aqueous phase of the nano-emulsion is 504 
lower. At a 95 wt% water content however, shrinking factor remains close to 1 505 
regardless the CatA:CWO7 ratio, which may be explained by the low ethyl 506 




3.3. Influence of composition variables on the surface charge of 511 
ethylcellulose nano-emulsions and nanoparticles 512 
 513 
Due to the presence of the cationic surfactant, the surface charge of the nano-514 
emulsion droplets and the nanoparticles obtained from them in the Water / 515 
CatA:CWO7 / [EC10 in ethyl acetate] systems studied in this work is expected 516 
to be positive. However, it is noteworthy to recall that ethylcellulose nano-517 
emulsions and nanoparticles show typically negative surface charge, generally 518 
in the range of -20 mV to -30 mV (Hayden et al 2018; Balzus et al 2017; Obst et 519 
al 2017; Mimi et al 2015). 520 
 521 
The zeta potential of the nano-emulsions and nanoparticles studied are 522 
displayed (red graphs) in Figures 3a and 3b. As expected, the zeta potential 523 
values of these systems are positive and vary between about 30 mV and about 524 
45 mV, depending on the O/S ratio. The degree of dilution (i.e., 90 wt% or 95 525 
wt% water) does not exert a significant influence in the zeta potential value. It is 526 
worth mentioning that the zeta potential values of nano-emulsions with 10 wt% 527 
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polymer are about 10 mV lower than those with 6 wt% (Table I). This may be 528 
due to a more dense distribution of polymer and shielding at the droplet surface, 529 
causing a reduced possibility for the cationic surfactants to place themselves at 530 
this site.  531 
 532 
As for the influence of the CatA:CWO7 ratio on the zeta potential values, there 533 
is an increase with increasing CatA:CWO7 ratio. This trend can be observed for 534 
both water contents, although as expected, zeta potential values are higher in 535 
nano-emulsions with 90 wt% water. Nano-emulsions and nanoparticles with 536 
CatA:CWO7 ratio 1:1 show values as high as about +50 mV with both, 90 and 537 
95 wt% of water. This value is of the same order than that obtained in the 538 
system with Span 80 as the nonionic surfactant at the same O/S ratio and 539 
CatA:nonionic surfactant ratio and 90 wt% water (Leitner et al 2019). At 540 
decreasing CatA:CWO7 ratios, zeta potential values of the nano-emulsions also 541 
decrease, being the values lower at the higher water content. Thus, as shown in 542 
Figure 5d, the zeta potential value of the nano-emulsion with 95% water 543 
content and CatA:CWO7 ratio of 1:8 displays a zeta potential of only +10.3 mV. 544 
At high CatA:CWO7 ratios the zeta potential of nano-emulsions with 90 and 95 545 
wt% water are quite close to each other, and the difference among them 546 
increases with decreasing CatA:CWO7 ratios. Zeta potential values of the 547 
nanoparticles are comparable and do not differ significantly from those of the 548 
template nano-emulsions for varying O/S ratios (Figures 3a and 3b). Also, as 549 
observed for corresponding nano-emulsions, the zeta potential for the 550 
nanoparticle dispersions decreases with decreasing CatA:CWO7 ratio due to 551 
the decreasing amount of cationic surfactant (Figure 3b). It is noteworthy that 552 
the nanoparticle dispersions prepared from the nano-emulsions with 95% water 553 
content and CatA:CWO7 ratios of 1:1 and 1:8 show similar mean hydrodynamic 554 
diameters (around 185 nm) but their zeta potential values differ in about 30 mV 555 
(38.9 ± 1.0 mV and 8.5 ± 1.0 mV respectively). 556 
 557 
These zeta potential values obtained in the tested compositions are high 558 
enough to impart electrostatic stabilization to the dispersed nano-emulsion 559 
droplets and nanoparticles as generally accepted for zeta potential values equal 560 
or above 25 mV (Hertault et al 2003). In addition, they are comparable to the 561 
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zeta potential values attained when mixing ethylcellulose polymer with other 562 
cationic polymers. For example, polymeric nanoparticles prepared with a 563 
mixture of ethylcellulose and ammonium methacrylate copolymer type B at a 564 
ratio of 1:1 show zeta potential values of 34 mV (Balzus et al 2017). 565 
Nanocarriers prepared with the cationic polysaccharide chitosan, either 566 
complexed with tripolyphosphate (TPP) or functionalized with organosilane, 567 
have been reported to have zeta potential values around 20 mV (Giarra et al 568 
2018; Kashkouli et al 2019) while cationic liposomes may reach zeta potential 569 
values in the range between 34 mV and 41 mV depending on the lipid 570 
composition (Smith et al 2017; Monpara et al 2019). This confirms that the 571 
strategy proposed here allows reaching zeta potential values in a comparable 572 
range. 573 
 574 
An important issue from an applicative point of view is the desorption kinetics of 575 
the cationic surfactant when exposed to a diluting medium. To investigate this 576 
aspect, the nanoparticle dispersion obtained from the nano-emulsion of the 577 
Water / [CatA:CWO7 = 1:3] / [6 wt% EC10 in ethyl acetate] system with an O/S 578 
ratio of 70/30 and 95 wt% water content was dialysed against an excess of 579 
receptor solution (water) at a constant temperature of 25ºC. The conductivity 580 
and zeta potential data of the nanoparticle dispersion were collected as a 581 
function of time. It is observed that the conductivity of the nanoparticle 582 
dispersion displays a strong decrease during the first hours of dialysis (Figure 583 
7) and reaches a plateau after a period of about 24 hours. The zeta potential 584 
values however, denote a slow drop of surface charge from positive (+30.5 mV) 585 
to negative values after about 50 hours dialysis. A stable value of about -20 mV 586 
is reached after about one week of dialysis (Supplementary Information 2). 587 
During the first 24 hours of dialysis, the zeta potential drops to about its half, but 588 
keeps positive values. This suggests that during the first hours of dialysis the 589 
excess CatA surfactant, which is not adsorbed on the nanoparticle surface, may 590 
diffuse fast to the receptor solution, which would explain the sharp decrease of 591 
conductivity within the first hours in the nanoparticle dispersion. However, the 592 
CatA adsorbed on the nanoparticle surface is desorbed more slowly as shown 593 
by the smooth zeta potential decrease, so that only after about one week of 594 
dialysis an equilibrium negative value is reached, indicating that most CatA may 595 
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have been desorbed by then from the surface of the nanoparticles. Interestingly, 596 
in contrast to other cationic nanosystems, these results may indicate that under 597 
diluting conditions in an aqueous medium, the positive surface charge of the 598 
nanoparticles is time-dependent and can be gradually depleted until reaching a 599 
negative plateau value close to that of ethylcellulose nanoparticles without CatA. 600 
 601 
 602 
Figure 7: Conductivity and zeta potential values of the nanoparticle dispersion as a 603 
function of time, measured during dialysis of the nanoparticle dispersion obtained from a 604 
nano-emulsion of the Water / [CatA:CWO7 = 1:3] / [6 wt% EC10 in ethyl acetate] system 605 
with an O/S ratio of 70/30 and 95 wt% water content. 606 
 607 
 608 
3.4. Influence of composition variables on the colloidal stability of 609 
ethylcellulose nano-emulsions and nanoparticles 610 
 611 
Colloidal stability is an important feature of dispersed systems for both, storage 612 
and applicative reasons. It is expected that smallest droplet (and particle) sizes 613 
provide improved stability against sedimentation and creaming, while high 614 
enough zeta potential values have been related to an enhanced stability against 615 
flocculation and coalescence, owing to electrostatic repulsion among droplets  616 
having charges of the same sign.  617 
 618 
A preliminary visual stability assessment of the nano-emulsions and 619 
nanoparticle dispersions at a constant temperature of 25ºC was carried out as 620 
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explained in the experimental section. Figure 8a shows that stability might be  621 
optimal at an O/S ratio of 70/30. This may be related to the small droplet size of 622 
the nano-emulsions at this O/S ratio, which reduces droplet migration 623 
phenomena. It is worth mentioning that nano-emulsions with O/S ratios of 65/35 624 
and 70/30 achieve around 2 months of stability, regardless the water content is 625 
90 or 95 wt%. Concerning the role of the polymer concentration, as shown in 626 
Table I, nano-emulsion stability at a fixed O/S ratio of 70/30 and CatA:CWO7 627 
ratio of 1:3 is significantly lower with 10 wt% EC10 in the oil component than 628 
with 6 wt%. The lower stability of the nano-emulsions with 10% EC content in 629 
the oil component may be due to the joint contribution of several factors, 630 
including the larger size, the higher density and the lower zeta potential of the 631 
droplets in the nano-emulsions with 10% EC10 in the oil component. Larger 632 
sizes and higher density of the dispersed droplets accelerate the destabilization 633 
phenomena due to migration of the droplets (e.g. sedimentation). The increased 634 
density is due not only to the higher polymer content (its density is 1.32 g/cm3) 635 
but also to the lower ethyl acetate (0.9 g/cm3) content in the droplets with 10 636 
wt% EC10. Another factor contributing to lower stability of nano-emulsions with 637 
10% EC10 content in the oil component may be the lower electrostatic repulsion, 638 
as expected from the lower zeta potential values obtained in these emulsions. 639 
 640 
Figure 8b shows the visual stability as a function of CatA:CWO7 ratio of nano-641 
emulsions and nanoparticle dispersions prepared with 90 and 95 wt% of water. 642 
The preliminary visual assessment of the stability of the studied nano-emulsions  643 
as a function of CatA:CWO7 ratio suggests that in general terms, the highest 644 
stability is attained at CatA:CWO7 ratios of 1:3, regardless the water content of 645 
the nano-emulsion. These nano-emulsions are stable for a period of around or 646 
above 2 months. It can be noticed that there is not a direct correlation between 647 
the electrostatic stability predicted through high zeta potential values and the 648 
actual visually observed stability. The nano-emulsions with the CatA:CWO7 649 
ratio 1:1 show visual stabilities of maximum about 2 days in spite of having the 650 
highest zeta potential values. In most of the samples, the occurring instability 651 
was sedimentation. It is worth recalling that for such droplet/particle migration 652 
phenomena, size has a predominant role as described in Stokes equation of 653 
sedimentation velocity. Theoretical calculations considering experimental 654 
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droplet size data confirm that highest stability against droplet migration 655 
phenomena is expected for nano-emulsions with CatA:CWO7 ratios of 1:3 and 656 
1:4 (Supplementary information 3). From the overall size, zeta potential and 657 
stability data, it can be concluded that the most suitable CatA:CWO7 ratio is 1:3, 658 
as at this ratio smallest droplet sizes, high zeta potential values and optimal 659 
stability are attained. 660 
 661 
When comparing nano-emulsion templates with their corresponding 662 
nanoparticle dispersions, the preliminary visual assessment suggests that 663 
nanoparticle dispersions show generally lower stability (Figures 8a and 8b). An 664 
explanation to this observation may be an increased tendency to sedimentation 665 
due to the higher density of the nanoparticles as compared to the nano-666 
emulsion drops. Although other factors may be also involved in the observed 667 
increased instability of the nanoparticle dispersions, such as for example 668 
flocculation, these factors have not been studied yet in detail. 669 
 670 
In order to know better the mechanisms of destabilization, the stability of the 671 
nano-emulsions was assessed also by measuring the backscattering intensity 672 
as a function of time and sample height. Figure 8c displays the light 673 
backscattering spectrum of the nano-emulsion with an O/S ratio of 70/30, which 674 
is quite representative of the general behaviour of the nano-emulsions of this 675 
system. As shown, backscattering intensity decreases with time all along the 676 
sample height, though backscattering spectra keep parallel. It should be noticed 677 
that the sharp backscattering and transmission changes at the bottom of the cell 678 
and/or the meniscus of the sample (highlighted in grey) have no physical 679 
meaning. The backscattering decrease may be attributed to the clarification of 680 
the continuous phase caused by either a decrease in size according to diffusion 681 
of ethyl acetate from the droplets to the continuous phase or by a decrease in 682 
number of droplets as a consequence of coalescence, flocculation or Ostwald 683 
ripening. However, it can also be noticed that the change is only in a minor 684 
degree (backscattering intensity drop of about 2% from initial 17% to about 685 
15%). The parallel pattern of backscattering spectra denotes that the nano-686 
emulsion stays homogeneous over the whole sample height, that is, no 687 
significant sedimentation or creaming takes place during the analysis time (the 688 
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first 24 hours). Thus, nano-emulsions with this backscattering pattern can be 689 
considered as relatively stable during measurement time and appropriate to be 690 
used as templates for nanoparticle preparation. 691 
 692 
Figure 8: Stability visually assessed as a function of the oil-to-surfactant ratio 693 
(O/S) at a constant CatA:CWO7= 1:3 (a) and the CatA:CWO7 ratio at a 694 
constant O/S=70/30 (b) of the nano-emulsions and the nanoparticle dispersions 695 
as assessed visually in the Water / [CatA:CWO7] / [6 wt% EC10 in ethyl 696 
acetate] system with 90 and 95 wt% water content at 25ºC; and c) 697 
Backscattering data of the nano-emulsion with an O/S ratio of 70/30, 95 wt% of 698 
water content and 6 wt% EC10 with the mixed CatA:CWO7 ratio of 1:3. 699 
 700 
 701 
4. CONCLUSIONS 702 
O/W nano-emulsions have been formed by the PIC method in the Water / 703 
[CatA:CWO7=1:3] / [6% EC10 in ethyl acetate] system in a small region, close 704 
to the water vertex in the pseudo-ternary diagram, at O/S ratios between 55/45 705 
and 75/25 and above 88 wt% water at 25ºC. The nano-emulsion domain keeps 706 
unchanged when modifying the CatA:CWO7 ratio to 1:1 and decreases when 707 
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increasing the EC10 concentration to 10 wt% in the oil component. Nano-708 
emulsions with an O/S ratio of 70/30 form over a broad CatA:CWO7 ratio range, 709 
both at 90 and 95 wt% water. The nano-emulsions studied showed droplet sizes 710 
below 200 nm and zeta potential values up to about 50 mV. Both, droplet size 711 
and zeta potential values of the nano-emulsions vary in a defined trend as a 712 
function of their composition, and the nanoparticles obtained from them show 713 
sizes and zeta potential values close to those of their template nano-emulsions. 714 
The most suitable CatA:CWO7 ratio for nano-emulsion formation is 1:3 and an 715 
O/S ratio of 70/30 as at these ratios smallest droplet sizes, high zeta potential 716 
values and optimal stability are attained. At a fixed CatA:CWO7 ratio of 1:3, 717 
particle size varies in a narrow range of about 20 nm when varying O/S ratios 718 
between 60/40 and 70/30, showing a smooth decrease in zeta potential 719 
(ranging over about 10 mV), both, at water contents of 90wt% and 95 wt%. 720 
However, when varying the CatA:CWO7 ratio at a constant O/S ratio of 70/30, 721 
particle size varies following a parabolic trend over a range of about 60 nm, 722 
reaching minimal nanoparticle sizes as small as 110 nm at a CatA:CWO7 ratio 723 
of 1:3. In contrast, to the effect of the oil-to-surfactant ratio, zeta potential 724 
decreases notably with CatA:CWO7, namely over about 30 mV, in the range 725 
between CatA:CWO7 of 1:1 and 1:8. Hence, in the system studied, the 726 
CatA:CWO7 ratio has the highest influence on both, the particle size and the 727 
zeta potential, followed by the O/S ratio and the water content (90 or 95 wt%). 728 
This demonstrates that, size and surface charge of the ethylcellulose 729 
nanoparticles prepared in this system can be controlled by tuning the 730 
composition of the nano-emulsion template. Interestingly, the positive charge of 731 
the nanoparticles can be depleted under diluting conditions in a time-dependent 732 
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Supplementary Information 1 899 
 900 
The refractive indexes and the viscosities required for the DLS measurements 901 
(Section 2.2.5.) were determined experimentally as explained next. The 902 
continuous phases of representative nano-emulsions and nanoparticle 903 
dispersions were obtained by centrifugal phase separation at 25ºC. Water 904 
saturated with ethyl acetate was prepared by mixing ethyl acetate with water at 905 
a ratio of ethyl acetate:water = 20:80 in a stoppered flask, and then allowing the 906 
mixture to phase separate in a separating funnel thermostated at a constant 907 
temperature of 25ºC.  908 
The refractive indexes of the continuous phases as measured at least in 909 
triplicate by means of an Abbe refractometer (Atago 3T) at 25ºC were 1.3358 ± 910 
0.0002 for the nano-emulsion and 1.3334 ± 0 for the nanoparticle dispersion.  911 
The viscosity of the samples was measured in duplicate on a AR-G2 912 
Rheometer (TA Instruments Ltd) using concentric cylinders, at a shear rate 913 
range between 1 and 200 s-1 and a temperature of 25ºC. The viscosity of the 914 
continuous phase of the nano-emulsion was 1.005 ± 0.026 cP and that of the 915 
nanoparticle dispersion 0.937 ± 0.006 cP. The higher viscosity of the continuous 916 
phase of the nano-emulsion as compared to that of the nanoparticle dispersion 917 
is attributed to the presence of ethyl acetate. This solvent is partially soluble in 918 
water (around 7.7 wt% at 25ºC (Calderó et al. 2011 and 2016)) and has been 919 
reported to undergo  intermolecular dipolar interactions with the water 920 
molecules producing a significant viscosity increase in a certain concentration 921 
range in water, as also observed in our system (Pires et al. 2007).It is worth 922 
mentioning that the refractive index and viscosity of water saturated with ethyl 923 
acetate are 1.3490 ± 0 and 1.073 ± 0.093 cP respectively, while the reported 924 
values for pure ethyl acetate are 1.3720 (refractive index) and 0.426 cP 925 
respectively. These data suggest that the continuous phase of the nano-926 
emulsion is not saturated with ethyl acetate. In addition, the viscosity of the 927 
continuous phase of the nanoparticle dispersion is higher than that of pure 928 
water at 25ºC (0.879 ± 0.008 cP). This is attributed to the presence of the 929 
surfactants in this phase. Some surfactant mixture excess might also be present 930 
in the continuous phase of the nano-emulsions. 931 
33 
 
Supplementary Information 2 932 
Zeta potential values of the nanoparticle dispersion as a function of time, 933 
measured during dialysis of the nanoparticle dispersion obtained from a nano-934 
emulsion of the Water / [CatA:CWO7 = 1:3] / [6 wt% EC10 in ethyl acetate] 935 




Supplementary Information 3 940 
Theoretical stability assessment of nano-emulsions of the Water / [CatA:CWO7] 941 
/ [6 wt% EC10 in ethyl acetate] system with an O/S ratio of 70/30 and 90 and 95 942 
wt% water, calculated from Stokes’law. Droplet migration velocity is given in 943 
absolute values and nm/s. 944 
 945 
CatA:CWO7 ratio 
Migration rate (nm/s) 
90 wt% 95 wt% 
1:1 1.4 1.8 
1:3 0.8 0.8 
1:4 0.9 1.0 
1:6 1.1 1.2 
1:8 1.7 1.6 
 946 
